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(57) ABSTRACT 

UV light and a ftuid are used in a procos ftr ifae decon- 
lamlnatiJDAof micmliCbognphicpTDjcacioD t]kpf>airc devices 
with optieai eleraeats or pbiticns thereof, ia paiticii] v of thfi 
fiiir£sccs of optica] elements. A secDod LTV lij^bi source is 
directad for deeontuniwition, m intcivaJs bctvosn <3spo- 
STjfcs^ (owetd at least a [^rtian of the dpticftl deckcats. 
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PROCESS ]ro» THE D€CONTAMTOAT|ON OK 
MTCIlOLrmOGaAFHrC PROjfECTION 
03>OSUR£ DEVICES 

CkOSS-WFERESCES TO RELATED 
AFFUCAnaSS 

[0001] NoiAi7plic&b}& 

STATEMENT REGARDING FISDERaLLY 
FUNDED RESEARCH O* iDtVELOPMENT 

[mi2] NolAppUcabk 

REFERENCE TO A MiCROHCHE APPENDIX 
[iOBOS} KotAppl£cBbJ& 

BAC3CGROXJND OF THE INVENTION 
[4004] 1. Field of (be lAvouoon 

[OdOS] Tbe tttventtoia nlateg To a process £oi Lbo dccoD^ 
tamin^don &! microliiliogrsphic projcclioo e^cposure <3cvifx^ 
bnvi^g dpiical elezaeius, or of ponions tbarocf. more 
ptiticuJarly, of the aur^ces of opdcal elAment^ witb UV 
light Mid fiuid- Tlic uivcmian also rduca to a oaicruliLbD- 
grapbfc pzojoeiioD exposure device vKiih a DUV (deep 
ultraviole?) fixcimer lA£tr as \'bt ligihl aouice of the projcctiDb 
exposure. Tb^ wavokogth region, tboul 100-300 tita, 16 Cbus 
ittdfidt^d iKL tfas vacuum UV. 

[O0O£] Tmpmitics of subsixaieSi qtuutz &ttd culchm 
fhiofufcp on ibe furfacfi become extrcmaly notic^ble duft to 
absoiption during itx operAtaott of microliihographic pro- 
jectioD exposuPD devices in ihc deep uiirnvioltT region (103 
DUi). Tbifi cq P cause ahsorpliOii \o&A6& c£ Up lo 5% per opiical 
elcnteiii. Su^ 4bsorplion losses au re po t 4cocpia,blc, pariicii- 
Jarly tor «£ttiicooductor objccUves jFUithetraorct, quanz cods 
or CaF^ rod£ iire Eirrao^ ui iHumm&lioa device^ &>v «eicrii' 
coDduoor objeetive«^ \o provide iborougb oiixing of tbe 
ra4£Allau eniitsd ^oiu tbc iigbl source. Tbotoug^ik iDUdj^ Is 
lUloiocd by nnTiiple loial ceOcctioii of die light iatroduced 
lalo th& glasa fod oc CaF^ rod. If the eur&co of the quartz rod 
ar CaF^ rod is CDcumiDaled, ab&orpooa losses aJ$o occuj' 
tbcTt during ibe toial icdectiOD and le^d lo » t^eak&nuas of 
tbe resuhing iU^unmatioo iatcpaity.^^ 

DISCUSSION OF RELEVANT ART 

[0007] Ii is koown from U.S. Pal. No. ♦X)28.13S to cjean 
coniumaaied quariz resoDRtots aod wflfis rs witib DUV Ugbi 
afid a gTRS stre^TQ, panicularljy ozosa.^Tho lijgbt source used 
for Lbe decofltominalion azr&Dgcd together with iht sorf&oe 
lo be ckaoed in ao dJumixAlfS box. tb^ Mxrf^cc of whicb is 
A good reflector for UV lightj[ 

[OOOS] A pxoc&ss is dcBctibed in U.S. Pat. No. S^.9«6 
for Ihe cUeaning of optica csomponcni^ pjirliculftrly iidr 
XrTiy Ihho^&fHy &od UV excimer laser opdes, the ewrgy 
scmzcc for this purpose being 4 highly eoergeeic radiation 
Wilh A User in eombinntjoo with a ^\i^ii)g wbicb i& uocn 
with F^ccc lo ibe svrfDce. Tbe eleat:»iTig ia provided i& this 
case tat opcicfil 2eofie« and mirrors a« iodivjchuJ cooapa- 
beots, such are dealt widi dudng produciioji. 

T[0fl09) An ajfparaius £sx micxoliihegraphy is kotisva from 
\ VS. Pai. No. ^MOj^f>% and includes fifivaral laseu tur [Kb 
pioducUon of r^idifttioia fat tbe pErojectloa eiqiosure eperaiioD 



without interrupiioD 6f the rfty fiux. For this puzpose* the 
li^vt or ndiation emtUed fhnn pxxlscd laseis eecuplcd via 
an Optical sy^tecn ictto a piojecttoD. eitposuni device, Iho 
r&diatioa cmilted from Ibe respective instaot&rtcously emil- 
iiog lafitr(s) being coupled into ibe system by :rwitchiiig the 
optical sys tem.^ 

([0010] An apparatus for eloctroD beam Ulbograpby is 
known horn European i^ot DocwmcRt £F 2S7 S06 A2. In 
this ftppanni^ the ma&k U cleaned by UV light eourocs 
which ore pnovkded £or dDaninft the traOe^ the electtoti beam 
being out of opcratian during the cteamns pioossis. DlfiCerent 
JpflcrSk pAHiculiu-ty krypioo fluoride and aenoo chloride, ore 
piDvidcd for tbe dccontamaaalioo of partides. oif difi&reni 
degrees of difflcaliy. j 

TfOOll] It is known from U.S. Pal, No. 5>430.}a3 that wn» 
^ are produced by UV radiaiioa. Absorpiion sarlaoes which 
can ba exchanged ere pioirided £or the ^hAoiptian of these 
ioB5. Furthenxiore, it i« providod 10 ciiry out a nitrogen gas 
ftu^lune in order 10 prevent puiicled dcposiiiag on the 
auifaoe oH the optical elements. It is known btim Europeuj 
P^tcQi Docntneiit BF564 264 Al to use the I line and G line 
at a morcury vapor lamp for micioliihogr^h)^ 

T^123 It is known &nxn VS. Fat No. 4»03;&.135 that a 
good surface cleaniB^ can be ditained by UVirndiAtion with 
Sttnulttinecms ozone flushing. It is known to pnivide irradia- 
tioo wilh wavelensibs of about 200 om, p&rriculariy 1^,9 
am, for tbe producUon of the ozone, end to prcw »de i^iaiioo 
of about 300 am, particularly 253 deu. Sot the particle 
reaioyal. Thi? cleaning proceu is known in particular £br tbe 
cleaiking of % qxionz rDSoaator befoio it is built into a 
pro jection erasure devi ce 

J[0013J However, tbe deconUnoiaatiou of oiicrolitfao- 
grapbic projection cxposute devices in latter operation 
(enjoins a problem. Cleaniog ie only i^uffictently attained 
wilh the DUV iUimiioatioo Used for exposure . ITunhermore, 
cleaning with a U V ^ouroe has txcrecofbre betn t )0Qflldcred to 
be a profalenft, amee tbe deugci wAfi seea ol^ damase to 
coalings wid materials. ( 

SUMMARY OF im INVENTION 

[0014] Tbe preeenc inventien Iherelbie has m its objed a 
proc^BS faj tbo docontamination of miccolillio graphic pro- 
jection cxpeoAire devices of the kind ioiu'ally mc ntmned, 
with Which process tbe whole device can be decoqteaiinaiod 
in operaliOiD or id intero^ bctvuteco c^icralioo., end indeed 
wittkout tbe danger of d&nago Co coatixigs Or aiatcrials and 
without the requireoicni o£ having to interrupt Hie projection 
exposure Operation of lbe pmjectioo eYpoainee device. 

/ [0015] This object is attained accotdiog to tlic invenCioo 
by a proee$s for decoctaminatlob of micxoUdiographic pro^ 
jecCion eXpOBuxe devices with UV ligtii and 1 0[Ud, wherein 
Ibe Eoicrotitbograpbic prajcctioti ezpoznure devices have 
optical fl)ement&, at lease some of (he pptioU ^Itaam^ 
especially their aurfeocs, being definable, >vlieiein the 
tpicroiithographic ^rojcctkiti e^^posuro device hia a fiisi UV 
iight source ^ projection e^osurc^ comprisioj; directing a 
second UV Ughi source tar decontamination ortCo at teast a 
poflion of the Optical elements, especially their surfaces, in 
Ltitervals between exposures by tbe j&rat Wli^hi source. The 
object of tbe invention can be cottstnicUonaHy 2iltaioe:d by a 
miertiithogtaphitf projection exposure d&vjea tbittcomprkss 
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3 gra lA^ light source Ibr ibc projection exposure » whoreia 
Ihc tint bl^l ftcmice oontpngos & DUV excimer at kosl 
t secoTtd UV source for dCCfintfimioatioo of opn'cpl 
demcnU thai is SiWilch^ ia altctaalivtly in ifiTeivals 
becwecD cKposuzes by iht 5isc X/V Ugbl £cmns, by which 

-4 panion of tbe opric^l clcmfiou is ilhimiDg ted^ 

[0D1£] PocoiUaiiiiaalioD of auctcOithoBnrphic projccSioo 
exposure dtvioftS OA c»/riecl out ill a afmplB manner by 
means of tho uso, accordiDg to !he invtntioiir of a fi&cond UV 
Hgbc Bounce . The additieoal UV Ugjbl source cntk gamely be 
matched optimally to \hc requitecneotft of <}ex:omainiiiaiioii 
wiibout Uie dxtiQer of dftuago, aiuee it iB iad€peaA»it of the 
Domaai iDunuiiAtion, and thus of the CUuroinaiion in ctonnal 
opcralkui. The SBOottd Ught souroe ca& (hen «lso conuia the 
l&ser, or p«tts thereof, seiving for the exposure. 

[0017] la ft very advanwgcous cQihpdimcm of the invcn- 
tion, Uie ttcoad %ht sours cao, for eyanple^ be eznbodieil 
wiib » mlaiivdJy >^Uit b&ndmdth &tiA, for examine, pan also 
ttc opcniicd wilb a rcladvely faighex power tbaa is the case 
fdr a oormal exposure. The greater bafidivldth impiovts the 
cleaoiug ofliBct, aiiicc additiooal nurow-band tr&nfilito&B arc 
ewaitBd: far exaio^e, nitrDgeti excUilious ia dit ScbutdatlO- 
RUDge hand. Furlhmnoto. the wavelet^th can bt» chosas so 
that pfoblcRU of iDAicrials do&tmcLiOn, GUhh as oonpiicitoo 
for cxaoipla^ cau be raidimisifid. The wovele&^h ia a rule 
io- i be oeighbadusod of the cxpoatte 'w«veienetb. 

Ptojecijofi exposure dcvioca hiive a li^t ^tidc m 
the form of a rod for hoaiogetiiTiAg the light erofuod fmta 
the ligtit source; the radlaiian emiUed £rOm the light soutve 
ia coupled into it, aod multiple toul rcQe^tiOins, Biviog a 
hcipogcnizakion of the iottoduoed r^diatioa, taka pldco at the 
mrfaoc of the li^t guide, lo order to avoid ihiarptk>n lasses 
consequent on the coatamiaatloD of iho b'ght guide, a UV 
Kgfat source i&providedt}or ircadiatuig it. It is posafble to use 

4 low power UV light source £ar a high Tt:«ulLanl inaidiaiioo 
intensity bI ihe ffuitace of the light guide, by mcaus of 
«TTinatus the light guide to be irt^*aiecl within an elllpaoi- 

_jjgJ rcficaor together with the UV light aource. j 

I [00191 la ao advauiageoua en)bodmie&t, ttie UV iighl 
souTCB ^ arrsji^ed in a ^bcus of the eUipsoidal nsflector, aod 
the radfatioD emitted Er^ui the UV li^t source ia j&Amacd 
outo the other fixHS, at which the light guidfr is arvaog ed, f 

[ODZp] AdYanUgoous cmbodimcnf& and developmeota of 
the iiyveocion will become aj^arcnt from ibe depfindout 
elalois and ^ui the embodiment which is bexdDafter 
deacr^»ed in principle wiHi the tud of (he dnwlog. 

COOllJ The invention h described in detail hereinafcar widi 
Iht aid of pfsCerred craboditDcniSv 

BRIEP DESCJUFTION OF 7WE EULAWIKGS 

(0022] VXG, 1 shows i piojccdoii expoauit device* 

{0023] FTG. 2 tihowt a eectaja through an esrposure 
de^ioB- 

£MBOOIM£Nrrs 

[0Q24] Since a nuerolitbogrophia prcjcctioD eirposure 
device fa known {a geuexal, only three lenses as optical 
ctemems tllcccof arc daiacpbcd bcrciaaEtcr, in. coBncctioo 



vvith The drawing, in order to illusuaie the process aod 
ai^arahia tor dccomaminatioA. 

[0025] Several leases 2 are arranged in a bcus£ng 1. For 
Xbonnal operattop, the device is provided V/ith a DUV 
exeimer laser 7 aa the lighi aourcc of the pioieetioo ea^oauro 
device FunhcrmoTO, in normal opeistibo a fluahing gas 
supply is providad in \he form of a laminar Sow^ at the 
^Ctmdary; a ga& supply device 4 serues for this purpose. 

A fiutber UVIzghc source with a iwide^nd laser S 
is provided in addition to tbo laser 3. Tbe wide-band laser 5 
£crves «5 tbe doaning ligfht douioe, ajod is coupled in^ ftu 
beam path by means of a minrpr ti which can ha piVDCcd in 
and which spiOvided Witll a positiooPibg tnccbaniaai, so that 
the IcAsos Z are Uluminatod as uniSocmly as poadtijc. Instead 
of Qoupliftg-in tHe laser 5 with ibc plvouble mirror (f, a 
partial^ transnotssive nunor (poJeriziag beams^litiei, dkb- 
lolc micEOi) can alto be provided tor ihia jp-iiipose. The 
aira^^anieot can abo bo ptovidcd of aevcral light sources 
bctweeo the lesaeci of die obrjactive* for the iUiiiainatwn of 
the suriaces to be dccontaixdnaiod. 

[0027] In order to remove the retcaaed omiamioation 
camponezis, Guch us tar example C. CH^, £ram tha dosed 
optical sy&teiD, a gas flow 12, e.g.. o2Dno*conii>iofng gas, 10 
pioduced parallel to ihe individual surfsces of ihe lenses 2 
or along the leoacs 2. Siooc suc^ a flow would disiuib the 
Domal Dperatlob of ifas ofagective^ it mitst be p«tsiMe to turn 
it 00 and off, the oiiniioat, diffusiou-fesited gas exchange 
nevertheleaa uking place in normal operatiioQ 'by tneans of 
the gas supply device 4. For (his gaa supply, a flushing gas 
su^ly device 7 is provided from which tba supply of 
Oiling gas takes pUce from ducts H aitd rftilia} Ouahing 
opoitinga into the housing ly at leaat approxiaslely petpen- 
dicularly to ihe ^U'Cal axia 10. The diacbaispe of dustdng gas 
together with eoDtaminadDU ooastinteats takes place in the 
«ame (namer ihramgh ducts 9 ia the ptripbera]) waQ of the 
bousing 1 on Ihe side opposite TO the dushiog apeoiog>. A 
uniformly directed flow 12 over Uie lena 9t>i£ac4:s is attained 
by oaaaua of ibe radial Quahing op^iogs. 

[0028] Altera aovaly, the gas Supply device ii Sor noimal 
operation can B]a<> he u«ed coatacninatiou fhishing. For 
this purpose^ the gaa flowing parallel to the op deal axis 10 
cao be conduct iq a uiqgcicd oianncrovidr 'be h;as su&cea, 
for BX&mpk, by (ho pivoting-in of mechanic a) vans^ 11 
(shown dashed). The output of the gaa supply c evfce 4 i£ if 
necessaiy to be incnsaacd for this puzpost. to increase tba 
flow apeed- 

[002^] Anotho: possibility for using the flusb oig gas sup- 
ply in normal operation for cooramiBaiioD flushing can also 
consist of produdns cross-flo'ovs by means oi inhomogc- 
neoua magnetic or electric flolds. An altcmaling u^ of 
ftushing gasfts havmg difisfont densities is likewise poasSbic. 

[0030] When tho ga^ supply device 4 for nonn aJ opcradoo 
is used, ibe gas Bow is increased so that ihe Jnminar flow 
becomes tuzbulcot. In this case, changes of tlio objechVc 
geatnetry (mounting) may bo required in order to prodvoe 
vonsz Baw. 

[0031] Hie laaer provided for deooauounation is to be a 
DUV eaeo'mer laser which can operate wtih a biiodwidth of 
500 pm. The us* is also possible of a UV excimar lamp, for 
exaoplfe wilh 2Z2 eta wavckngch. The ei^oEure laser 
without fajectton Joddng can also be uscd^ i;.g., as the 
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dcafiii^ bscr. On iht m&r 3id&« a closure eatn prtved t exit 
of lighl in paused baLWeoo eirposuiss. 

][O0t32] A ]ighX guSdc 25 is sbowo in tettico id FI&. 2 
i follc^g the DUV eiKizD^ US6r 3 as light source of the 
prajcction eyposiuc device^ lor hcnxiogciiizias rAdladeD 
emitted by the light sourc^^ A quonz rod is prcwided tbe 
li^ ^dt^ 25, Atld xs amikgcd at a £octu 31 of Ao eI]i|tsoidal 
rchxcl&t tl wfjach surmunds iU A CaF^ tod cOd alao be used 
iho light gucEda. A UV light source 23 ii»r imtdiitias the 
surface 27 of tht light guide 2S M acT4Pg«l at tfafi fiirthcj' 
focos 29 oe the zefieclor 21. its nuHation being ibcuscd oa 
tbe surfacs 27 of ibe li^ guide. It ean be provided that the 
reflector hus fluid flowing ihiag gh iuj 

T cUicc: 

1. A process fcr decootaiiun»tio& of tnicnijutiog^&plilc 
pzDjficnon DXposujrc device^ with UV b'ght ^od a fluid, tho 
miatililhogfepbic pxojecban exposurt dcvic«s Ufti^iAg, t^U- 
cal frlcmew. &iid ai least some of said optica] eloaeal«>p 
especially (heir surfaces^ hcxa^ cltanftble, tbe miokiiitha- 
graphic pzojectiDn exposure device having a fixsi UV light 
eaarac iac projetitioo cxposura, ctmptisiiiQ directing a b£0- 
ond UV li^i sDurcc onio Bt least 4 portico of 5a£d optical 
clsmcniA, especially their surfaeea, in mUrvals between 
expoaurea by uid fttsi UV light fourca. 

2. The prqccAs according Lo c^laim 1, cmopriaing employ- 
ins a relatively broad-baod Jlght aoucos xriih & baad«ridlb of 
about $00 nm as said saoanS UV light scuice. 

3, Hie ptocesa accardtofi to claim 1, tiirthcr Campri&iDg 
piodqeiDg a flow of esiid fluid directed pamllcl to 6Aid 
surfaced of optical elemeots to be cleaned. 

4, TtA pioc«5s jiccordjsg to daiin 3» fiirtber comprtfiing 
bniTicinog oS »4id Quid fiooi a nomal opcmdoo Au&hiog ga& 
sttpply. 

& Tfaft process eecordit]® lo claioa 3, Coxther comprisiz^ 
intradBcingaaid fluid by deflecting a Huid stream froia Unid 
daw running paraUo) to an optLcal nxi^ during a projeciioo 
esrpo^ufB oper^xiop. 

6. Tbe process accdrdiog to cUitn S» j&iither comprising 
produc^g siiid fluid fhim fluid flow lunning parallel to stdd 
pptic»1 in nonual opemtiob bypn>dn£iDgeTOA&-flowbhy 
iDhoRtogencQiis magnetic or dectric fields. 

7* Iht process acconding (o cIbiid 3, ftuiher compnaiog 
employing fluid5 with diffcicnt densito aUcinaiely tor 
flu^iing. dtxssaiMfi Altematoly for flV9hiog, 

8. Its proceoft according to claim 4, ftirthcr comprising 
producing a supply of flushing fluid tmrn a nontiai opcratioii 
fluid stpply by incj^asiDg said sfopply and tr^nsiiioo from a 
laminar flow into a harbiilent flow. 

9. Proces^ accotdiag To oloun 3, wherein the fluid com- 
prise^ o:oooic gas. 



10. Process iccordia^ (o cUtO] 3, wherein the fluid 
comprises otygeo ga^. 

U. Amiciolilhograpbic piojoaion eicpCSUrc device cqQ' 
piifiiDg: 

a first UV ligbt wrcc fbr tfa» prpjcciic>D earpo^um, 
whertio said first ligbt source comi»ise8 » DUV cxci- 
i»er laacr, 

at leasi a ficcond UV light source £br deoontainin&tioo <?f 
optical efemcols (hat is sodtcbed in alb^matively in 
interviils between estposuies by said lu:st UV ligbt 
source, by which ai least a portion of said optical 
clemtD^^ is illuminated. 

12. Tha adciolitbograpt^ projecuoa expissurc device 
nccordiDg to claim 0, compming ar leaoi out: gss supply 
device for supply of flusbiog ga£ «beii &aid sco>od UV light 
SOUXC6 is bwilctusd in. 

13. pTbe miorolUhogr&pfaic projection expitsuje device 
according to daim 10, fUrtber comprising raiiial flusfaiog 
openings luranj^d radially of «a optical axis in said gas 
mipply device for 5Upply of flushing gae^ wtori ip a dicecied 
flow over surfaces of opdcal cknseolfi to bs cleaned iy 
produced by said redial dushlng openings 

14. The micToliihofitraphic projection exposure device 
according va cUim IjO^ fiirther eoooprising a gas supply 
device fbr nonziai oporaiibn provided 46 Sjd^l gad $:u|yly 
device^ n gas Oowr directod parsUe] (o &aid optical axis being 
deflected in a dinactkoo lOWArd jsurfaoes of optical elem&fkU 
to be cteaAed. 

15. Tbe DUcroUthographic pzojeclion eyjArtiUie device 
ACcOidit^ lo doitn 12, faztber compcisiDg mcChtniCBl vtmes^ 
pivotable ot foldjible for doflecliop, far gas flow diversion. 

16. The microlithographic projedibtL cxpci^re device 
aocording lo dolm 12, further compd^ing inbamogpneonis 
ZEUgpcDc or dcclrio fields for produolion of flov/s transvesD 
of A&id optical lUtia. 

17- The microUtho graphic projection es^csuic device 
aooordJxig to claim 11, ftmbcr compriaiog device for 
iiQCieaslag g^s flow for said fltufaing operation. 

la. Tho micioHthagnpfaic projedioa exj^surtt device 
according to claim 9, wherein said gas supply device cq»- 
taJ:^ an o^one muice. 

19. Tho microlii2iogia.phic prqjecCioQ cnrpQ^urc device 
accarding to daim 16, wherein snid Uv flglit eounce i& 
arranged in a fbeus of oil eUipaoidat refloctor, u li^i guide 
being arranged in acother iocus. 

20. Tbe microlithographic projection cxpcsure dcviM 
according to daim wherein said opticol elunent eons- 
prises « lod-fihaped ligbi guide, ananged withxa a reflector 
together whh S!dd second UV Ught source. 

* m • • 
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